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9 1 , GENE ORE4 REGULATING LEAF LONGEVITY IN 
ARABIDOPSIS THALIANA AND MUTANT GENES THEREOF 

Abstract : PURPOSE: A gene ORE4 regulating leaf longevity in 
Arabidopsis thaliana and a mutant gene thereof are provided, thereby 
improving the productivity and storageability of plants. 
CONSTITUTION: ORE4 gene and its protein which regulate leaf 
longevity have amino acid sequence of SEQ ID NO. 1 and is isolated 
from Arabidopsis thaliana. The recombinant vector pGTE-ORE4 
(KCTC 10037BP) comprises gene ORE4. The plant longevity- 
regulating genes or proteins... 
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(54) <>l|7l^cflS.M £51$ oj ^ ^ -f^y ORE 4 ^ $<>1^ ^-^> 



t^^- ofl^l^g-tfl ( Arabidopsis thaliana WM £3^1 S -Pr^l^ , #7l t-°i£ 0 11l-° 

* A o V ^ ^ Jl^ #cflt <r ^#3 ^ ^o)) ^.^4 4]# #*J-§- ^JjS>7l 4| # 

£ 5a 



£ l£- °l|7l^-tfl o>Ag^ ^ =^<a# ^oj^o] ore4 o] s^^^S.^ 3: 41 la) ^ 53 <|J(3E lbWMa) 

<b11-4 4*1*)] L)-15].vfl Aj-^oj J7, 

£ 2afe ofl7l^-c|l ^ £<>1^<?] ore^n %^ #Ajo| ^ofl 4= jieflHoU (# 
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e fluorescence)°l Jl, Fin^r ^^"5. ^cfl^l (maximum yield fluorescence)^), 

□ : ■: ore4 

5. 2bfe °HS*8 U o/WlM Al^ofl ttfs 44^ nefl = o)ji j 

□ : ■: ore4 

E. 2c-& <>1|7l^-c}) $ ^oj^o] ore ^ o|]a-] of oi^. ^£3] Al^Hl n}~§. 44\S neflH^l 

□ : °>^^ ■: ore4 

E 2dfe 4)7]^ o)=^$ * ^<2*j- ^ol^o] ore ^ o,| A ^ °Jo] ^7l^> *l?i4l 4-S- E# ^ tt^4 (senes 
cence associated genes; SAGs) 3l 7]4 2c 3 #S g-^^-S. Ste]$ ^^H^, 

CAB : a/bltl" ^^(chlorophyll a/b binding protein) 

RBCS: e|l-S.i ojojAj- 7>e.4X|j}.jL£ i^^Kribulose biphosphate carboxylase small subunit) 
SAG12 : 2nSr -n-?I4 (senescence-associated gene 12) 

E 3£ ofl7l#tn 6>^tg ^ ^<a# £°)^o] o/-e^°11 E3J-S] A]^ ^ 314 o) $$4. nlslfe #(dark) ^e) ^, Si 
^■33 *fl<S i#(A)4 <3^Hi «-^(B)o.S 44\3 neflsolji, 

□ : °>^H ■: ore4 

£ 4fe °fl7l^-cfl o)^ ^ ^<g<3# ore^°ll ii^M ^aj- ^ ^ajofl <3frS: sle^o] ABA (a 

bscisic acid) (E 4a), MeJA (methyl jasmonate) (£ 4b), 4] 13! (ethylene) (E 4c)-8; 3s Si t 1 ^^ 

JL-lr^r ^± ^-^=o.S. 44\H ^Eflnolji, 
3£ sttfl : ^# nl^e] 
€ 4fll : ai# isg aje| 

E 5afe ore4 £<>l<g T-DNA ^€ RPS17 -8-#7rf- 44\S ^0.3., ore ^ ^o]^o)l^ T-DNA 3*14 

a f}-$-g- E^HEisL 44\E 3^o] ji (*U>ifJ-$£ Rpsl7 o.^ ^ ^jj) 
LB ; ^ Til (Left boarder) RB ; -f ^ ^Tfl (Right boarder) 

£ 5bfe ^71^-cfl o^ig ^ ^ol^o] ore ^ o]]a] RPS17 m °<HJ-§; E3 £^ES 3-?!$ 

£ 6£ ^^^f ore4 ^ol^oflAi oi ^ ^ zLEflnolcl-. 

□ : °>^^ ■■ ore^ 

'iJ-trJS] ^A]| wt t! 1 ?] 



^-8- "1171^-cfl ( Arabidopsis thaliana £e|£ ^ -^-^a> tf/gg* , Aj- 7 ] -B-^a}^ #^^o|^ o. 

7>^ A i^^M£ f'iL^ol ^tf. olofl af^ tfij. «>§l7l 41 « -fr^^, M ^ 

<3^7> ^i^siji 5a4. #*i ^ ^^^^i- ^-g-tr -b-^i- ^ 71^^ tq^. 

icS^ (senescence)fe q%o) 7\*\^ ^S. b^Qs) 7$*]^= ^# ^-Tflofl oi<>| ^g- 

^t.V ^«*o]e). t IXSL^, °] 7l?_V #o> ^il-^ cflA} $ Afli ^2-6(1 ojo^ ^o] ^ 

°133r ^1-^1 a]zJ-^ o.s. M-El-4fe cflS^^l <g^7} 3t-3)S]j7 cf ^£7} ^^S)^^ 

^4 2f-g- *^ (anabolic activity)^ Q*H SE «14 aVtflS °1 7l^«V ^fi] 7>^ 

§-«fl jLi7l- -fr£5]^A^ ^a> §-81) (nucleic acid breakdown)^- ^-sfl (proteolysis)4 °13* ^-g- (catab 

olism)°] (Matile P. et al., In Crop Photosynthesis: Spatial and temporal Determinant, Elservier 41 

3-440, 1992; Noodeh L.D. et al., Senescenceand aging in Plant, Academic press, 1988; Thiman K.V. et al., T 
he senescence of leaves, CRC press, 85-115, 1980). ^# IcSfrfe 43.7} SlSj-sffe 7^^- 

f 41 ^=8- 7}^S] 7)#o.S. ol^A]?!^ ^, 4^ ^.oj. ^Tjofl 2j^-S>7l ^Sfl o.S ^^-tr -fi- 

«a^sj <^^^} ^^-^ ^e1«J-^ «^3-2] ^4 o.s. 1^- Afla, 7ltt ^ 71)^11- #-§-o.S. o]^4 (Matile 
P. et al., In Crop Photosynthesis: Spatial and temporal Determinant, Elservier 413-440, 1992; Nooden L.D. e 
t al., Senescenceand aging in Plant, Academic press, 1988; Thiman K.V. et al., The senescence of leaves, C 
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*Wfc 4444 4*11 444 = 3.^4 44 4*J€4b 444^4, 444 444^3 lH4Tr ^fi. 44 
A* H^r444 44 44444 £4 ^44 4^ 444b £4 ^443 34 tfl44*4, 4^4b t*7l-4 
444 ^«fl^i 4444b -8-4444 4^-4! 3 3 44. 444 4! ^44 5U44 ^44 434 -8-444 43 
4 S ^ -8-34 4 ¥4 44* ^4 443 47 55 44 s^-l- 44 "11* #-9-4 744 4 7 544. ^44, 444 
«H4 ael ji 414 #Jl445i 174^ 41 ^44 cflsfl^ o>3) £ ^o. « h. o) uv^^^i 4444. 4^ 
44 414 i^ofl 371* 73 4! 3L3£4 iLH7} 7^rl ol ^ ji flo. oj, £4'<§144 377p 

444 4* 4e4 <aoi4. 

41 *<§4 (443.43; Cytokinin)* >$444 °-3 it** 434^ 7 4b il&ii 444 544, ^4 

43 -8-34 241 1-4 443434 £h]i s^sH ^41 4344 4b 377> 4*344 #°-4, ±3&4 4 
40.3 414 4-§- A§e| 414 44! 44b 147} 54 5U4. 4^4 °1 &l^r 1441 *H444 it* 4443 SA 
G12 -8-444 = 33.44 ipt -8-44* 3144 44 ^4 4444 41 JL3-S-4 444 2:444 4^3 
4, ^44 4*8! 4343, 50% 444 ^av^ ^ 7 >f- 4f-34£, 711*444 4€ 347} 44 &4 4b4 47 

4544 (Gan S. et al., Science 22:1986-1988, 1995). 444 4444 ^4 4<3 4144 7fl^ ~3 3434 

44 74! 44°-3 44 ^44 #-2-4 44! 4b 44143 4431(ethylene)4 44! 44444, 4=-4 
44^4 4! #4b 4*34 4^44 44 (klee et al., Plant Cell, 3(ll):1187-93, 1991; Oelleret al., Science, 
18;254(5030):437-9, 1991; Piction et al., Plant Physiol. 103(4): 1471-1472, 1993). 

^41 4344^4 4b 444144 37b ^3 ^44444 444b 4444 344 434 44! 444 

45:44 444 444b 43 1444 2:44 2:^4 ^4 5514. S.4S4 ^-f , 9i4 A dl^ DNA (antisense DN 

A)* 4|i4 ^4 -B-34 t^^r 44 E4S4 341- #444 ^^4 *4 

44fe H o v ^4 iLoUa 4 5U^-4 (Giovannoni et al., Plant Cell l(l):53-63. 1989), 4€ §-«fl°fl 4^4^ 34^ 
^■«8JLi D (phospholipase D)f - 4:4^!^ DNAS. 4 «fl * ^ -f 4 1" 44 ^47f 44^4^ 3.3. 

£ X14 (Fan et al., Plant Cell 9(12):2183-96,1997). 

a44 4# t4* M4 =r 5Ufe ^-g- ^44 4*11 ^4 «44fe -B-44 ^-4^ *4 

>gl-44 3^4 ^4^^ 1-3^4* £4, £44fc -H-444 3¥lr f-«fl <t Si 4. 
4#4 J4jt«l| 443 «ll 4 341 4 4°^ ^44 ^4 ^44^°)14 il^ t-§-^]4 ^4 ^2 (Payton S. et 
al., Plant Mol. Biol. 31(6):1227-1231, 1996), Si4 ^44^44 c/p-fi-34 2^^4 (Nakabayashi ¥c. et 

al., Plant Cell Physiol. 40(5):504-514, 1999)3. °i44 5U4. 4ei^ ^4^-cfl 34^^ 4-§-4 Si ^4 444 

-B-34 ^-^(Oh S. A. et al., Plant Mol. Biol. 30(4):739-54, 1996)35 44 334] -R-44 44 (Oh S 

. A. et al., The Plant Journal. 12(3):527-535, 1997), It* 43 -n-443 senl =3.5.4 % ^ (Oh S. A. et al., jo 
urnal of Plant Physiol. 151:339-345, 1997)^4 Jial€ 4 5U-°-4, 4444 4^4^-S. ii4# a^*fe -8-44 

« 444 44 #-4 '3#44 3^fe 4*4 €444. 

44 £ t44t-£ -8-444^3 444 ®& #44 Si4 ^44 3444 5a* 3441- 44 ^4 34 

4 444^-8-441 444^4 ^44 ^4, T-DNA 7} #<Q& 1-3341- ^44 S24 ^44 4 A J^4 4*11 3 
44 1334^)11 44^3 4 3444 4*11 *1)4 -8-441 444^4, 44 ^4 43 4447 r °J4^1 4^.# 
4 4* 4 « -8-41 4-^44^ 8507114 44^-3 4^-44 -8-4441 434^1 44 -8-441 0RE4 3, 4445S 
4. £4 4 -8-444 1334^3 ore^4 4^ 44444 =r44 34 #71-41 434^4 ^ 441 444 
5S4. 

444 4-^14 4-b 4 t-4 44 

£ 444 -§r4£ 414 ^41 ^44 ^ XI 444 ^ ^44 344 ^41 444^ 44 4444 34*8 -8- 
441 4 #4^ 444. 744-2-3. 4 44* ^4 4 S S ^£4 441 ^fe 4^44 4^1 41 ^ 41 S3 4 
44 ^4441 %n 41 ^S44 44 ^ ^ 4^4 444 44 SI #7><4 ^ *J-§-4 §-41 sfl^l ^ 
44 ^443 4441 4^4* 41 ^Sls. 44. 

444 ¥^ IS 4-g- 

44 ^-41 4444 444, * 44* 44^4 4*11 444 S24 ^44 344 34^ °1144tjl(Arabidopsis th 
aiiana)344 444, t* s44 44 4fe -8-44 ORE4 ^ 44 4443-^4 444^- ORE4 4441 4#44 
. SE4 4 44* 44 ^4 ^4 -8-44 £fe 4441 4144 4144 ^44 434 -8-44 ^ ^41 444 
=r 4^ 141 t44fe 4^1 4^-44. 

* 444 Si 2:4 -8-44 ORE4^= < %^Z^) 4-a#4 4* 4^.-8-^ 44^ 17(chloroplast ribosome small su 
bunitl7, RPS17)1 4^44^4 o]ei«- 444 4^-8-4* 444 4#1 4* 4m# 241 4*11 1^4 4^3 
-8.744, 414 5U4 ^^-4^ 4443 41 ^4 4^S 4444 44 4^ ^(Reactive oxygen species)! 2:4 
ir°A!r 4t11 44^-3. 44 4444 413.4 444 *41 444 44. 

414, * 44* ORB4^ *444 44! 44^4 -8-4^44^-3 2:44 34^ ore4 4441 4^44. 34 
% ore4 4441 3H-b 4^* 13340nsertional mutagenesis) S-b 444^ 44(antisense suppressi 
on) f-4 44 4444 W4 444 -8-444 44444^1 414 7 54^4, 44444^ ORE4 -8-444 44 
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?]tt 3^-§- 444°1, 4|#*M igo)^ ore 4-fr44» <§44€-47l44 4#*fl4 0RE4*&A* 4^ 2444 
^o)^ O.S. ^-g- «S3M4fe « 0 V^£. £ ^<%6\) ^£4. 

£ 1^4 •d 0 )^ #44 ore4* 4tt 4#*)1tt EjiL#2] a^fr ^u.«-^ gq$ 17s] «^o.^ 

# 41" <r 8U £fe S^l* oil- =r £4 °tt8^H m 4^4 4^4 £■§--§; 

iL°14 #8- 4^ f^4 $#0.3. Si 4 £444. 

£ 1^°fl4 'ore'£ ^.Efl tf4fe 44-sL 4#4 =^ 2*H] £4*Rr -{f44, #44 Hi^r ^S^B) 

-I- 4444 4*1] £ £^4°1) 4«1] 444 ^lolcf. ^^6.3., ■ ORE4 -fr44' '0RE4 £44'£ 44 £ ^ 

^ 24 -fi-44 Sfe ^U-Sr 4^44, ore ORE* 4 -R-444 

-fr4^4*Uia 244 goj$ -B-^4# 4°l?r4. 
£ 4*1] 4 

£ t^Wfe ^ S^ofl #4*Hr #441: fl*H ^ ^oj ojtf^ ^-g. 444fe #?!^ol^* 

4^4534. 4*1] 4 #4 -B-^jtj- g g*H§s«M 4$ ^aa 4-§-4fe "IM^tflt- ^ 4#=a 

Sj-^fecll, ofl4#cflfe 57flSl SI4*W1 4 125 Mbp ^£3. H7]7l- *U 44 434 Tfl^-g- 7}7]JI 0*0.4, 

°W tn«fl 4>*R> -R-444 54 f-44 x]£7]- 4444 $U, «g*oj 4^ ^sKa, 44 54 ^4 

-8-°l*|-cffe 4^-i" 7 r 4 4#4 -n-^i*h 2-1 *I|S.3. S°l 4-&44 (http://www.arabidopsis.org). 
'g'S^Hfe <HM#tfl* 44-5-3. Si 4^4 £44 €4*fl* 4144 4*« T-DNA-& 4SH4 #£fcoif. #£ 
tt 4^°r, 44$ 7fl^l]# #ofl4 **h°S S14 W ^£7} -4 7l)*fi# 4d«*roi, ^ ^ol*r7l 

^sl) Si ^$1-, ^ ol^ .frfc ^ £ ^SH- 2A}s)-^4 Aj- 7 | ofl^ ^0)^11- ore ^ 

^ol^lS. ^Sf&.o ^, o]o| o>^^3). Hlsev o>^^ o. 41 daG(DAG; days after germination) <Hj «1 

nj Si^ iiS)-7l- a1S|-5|<H 4^^ ojo] ^^§1 %^5)fe «V^, ^o]^ ore 4S= 53 DAG°fl^£ <^^*1 ^ °<r^ <gs.i 

SiS] ^Sffe Uli oH ofl^^o) olfe ^^S. 7\JL sXA^, 2c*i| ^144 ^1*3^ 

^^(abscisic acid; ABA), ^}^a.M]olB(methyl jasmonate; MeJA) ?4 °fll^l(ethylene)2l- ^#Sss.oil 
s]^fl <r (Hensel et al., Plant Cell 5:553, 1993). ^# ss&sl ^^ofl 

ttr€- ore4 ^\^^ °A ^ €W ^4«f7l ^sfl 44 ABA, MeJA 54 sffl* ^ el * * ^1*1^^^. 
i ^ 54 ^4* ^ ^?18fSa4. ^ ^4, ore^l-^^ 0 ]^!) 0 !!^ 4^4 ^£ ^ 

4\ *>«>11- Jiol^l ##4. °1S nl^o] ji6> 6>i?£"4 ole]?!: S^&ofl 4«fl #^!^^ iiiMMH ^sf4 
^ ^1 ^ 2]*4?1 H o^i: ^ ^ ^4^°)] t ^ 

^ "^2) ^7} ore4 £<>1*H*1 <a^-ol A§e]^ <^WBf ^-4^r§°ll^£ 4-§-*} 

fe ^°J4 ^«^7l 4^ 2c*r*« <5fcNt 2c« *5i (northern blotting)^- ^«fl 2:4 

s}^4. ^11- #<H ^-^4 ^ -S-Sr *^ (anabolic activity) 54 AA -n"4 43 (self- maintenance gene activity) 
^ °A ^ A Hlfe ^A*\AA ±$#$17} sq^ A±*}7]] €4 (Nam et al., Curr. Opin. Biotech. 8:200, 1997). °) 
^2]^^ia/b (chlorophyll a/b binding protein)4 4^ -fr^i4 Sc# ^1*3 

it* -8-^14 SAG1221 o>/j^ofl^ icSj-s; ^^jofl 4^ ^7>?}4. ^^14 ^^tf ore^ ^°]^ 

^71 ic^- t^o] 7^21 ^7}*r*] ^ ^^S. ^Sl£lSi4. °1 ^ tr ore^ 

^4 ^44 ^7faj ^oflxi uftfL}^ 3:4 0 J^ sl^ltrcf. 

^714 go] M^S] ^ £%6\) #o)t}^ #4 ^sfl T-DNA7f ^€ t-<3£°l*imo)H ore^ ^ 

tr 14 tr 7H4 T-DNA4 ^^^1 ^sflAi ore^l-^^ol7> $Sr ^o}«- ^ Si 

«1i f'^Slii ^ill ^l-§- (Inverse Polymerase Chain Reaction)^- f-«fl T-DNA Sl^tb Tfl^ DNA# &3j# 

14 T-DNA7V RPS17 ^^44 a>o1e5.«b1 ^ 758 bp<H] o] ^-^7>7> ^E)4 ^-fr ^ 

& ^4 *«fl ^Sl5f^4. RPS17 -B-^41- afl-«rfe 2.8 kb ^-g- Aja 5 r 5^°l ^> v 4 ^ 

€°1 ore^ ^.?i(complementation)5r7li ^^4. ^- ^^1^1 4^}^ 0RE4 -H-^7>2] « 

7) 54 0RE4 ^»Jjl4 41-8- 44 1 54 2ofl 444 si4. 

ORE4 -fr44SJ RPS17 -H-^7}7> #3:5^ <^^i 4-g- 4« -n-M ^^4^ 4i# ^«fi 4 

€■ Ai«-n-bi*4 4-8- °J=^-S. -9.^44 nfl^-<Hl ^#^Sl 4^ofl s^sfl 2:^34. RPS17 -^44^ °fl7l<a-cflo(|>^ sfu} 

3 4£ t (copy number)^. $7fls}HS. 0 re4 ^}^-& #4 °>\i ^ lifs) 

^ 4^4 7 J^.^ ^-^^ *i*1HS} ^e]7fl ^ ^oi4. 0)%$. ^o] t } 7 ] 4]«q 6>^^a). 

^ol^4 16 DAE(Day after emergence) i 4 4^1^ 4^4 #4t»- 14 ore4 ^^1^4 ^^7)12 

(Photosystem H)7> =l 7}^o) ?J±s\o] ^ ^ 9X9XA. $X°] W$ 448- 

^44 4sitv 44i ^sl-fe S! ^^4fe 44 ^ ^*°) -^-#4^ ^4 ^e] 

44 ^4^: ^^-714 44 o]e^ ^ stfsH S1444 D fl4- 4 0 J=?r ^4 ^ 

SI- 44°fl4 ^4 4«fl# U^lrr 4^ ^5.4 i^^St 4^4«H »4. 1^ ore^ ^ol^«>ll4 444fe 
W-S-fr* 4«fl 44 <ldt» ^-S144^4. 4^-4 20 DAEi4 ^°1^4 4^i^ 4 

SI4 JgS °7j|7f 4 A 5^4 679H 4^1fe ore^ $4*§°114 Si4 444 4^4 ^s. 44<H1 4i ^1 

4 Xl^-i- ^S14514. 

t^4 Qff^ £«J!4°] °l)7l^44 Si ^r^i 44^ 44^- 4^-4 4°1 ^ 5U4. °1 O/aw ^4 

/si M -.11 — t il a ^ T3. 1 ^ll > 1 — .1 > — A 1— nl u 7. -sr *1 ill ?=? — 7 >J j-1 -»1 T-J -,11 t-1 — - nl -5-1 ij ^ll rrl -^-1 .O -. 1 ^ 2 /si >H 
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^£(metabolic rate)* 1^ ^ ^2] $#±3, Q & QsH ^lS-M^M ^cf. -ijf-o)] °H 

*1 cHAf ^£<zf -gf *1<?H uflsfl oj-^^i U |. 7 |. oj^ nj.^Aj ore ^ #o]f$9) oflui^l (energy balan 

ce)4 i^2] ^°\] ^® Jl% v # afl^t 

ZLe^q-, £ ^ofl s}^ CKE^ -fr^T-r ^ £^ ore* -B-^d^H) 2]*V ^ £4 ^ Jl 

4fe ^7l^ t£ oji-o)] a 714°) ^ 5a^l D J, 2] si] ^s]7iq- <>H *H]3°] si^sU*r 

£ 1^2] ORE4 -B-^Xh ^ 0/2fi^ ^-fl^^r ^]#2] -fi-*!^ £Efe ^ e}*H iWHr t-H -fj- 

-§-*]- 7)1 °l-§-l =r & 4. <4* «-<H. C/?^-a-^>4 <§7l Ail f-i- alHsH ?\Q 
^4, U^-i- f"H .2.3. «H, ^ #^^r RNA SLfe mRNA* ^±3. «H afl£ 

St cDNA^r *>-§-■& ^$Q°.3.q -fM- "§Mt 4 s $a^f. SEtf *!3*U3 £ ^2] 

#3, £ -fr^M «W £fe *W*1-Sr t A ^M4 HLfe 0/?£* #^2*2] g^tf* f^f° 

3*| *W #*]* fN!*}^ 4-§-€ t£ 5U4. t 1 **!*! «o v ^^fe £ £33 DNA 3, f^" 

£4i <3ifl (PCR) g iWfe 4<£«- ^ °-3 =r*3ir t $14. 

0RE4 #^-1- ol-g-U- ife JL± 33 ^ (ELISA), % U A 2-D 3 £3 af-o.S-¥-El 

ii^i^ 'S-'S^S 0RE9 't^ 0 oH v ^r ^-^t^-S.^ ^* t 

ore^ -fr^^S ^#^11- ^«r^^ o.£*| ^^1?)^ w 0 V^^. 

^7) ^oi^ ^#^1- ^l^s}^ ^lsl ^#31 ^^^^ «>l-8-«- =r 5Ufec|], i# 

1- ^ ^"71 ^o]^ £*a^- ^* ^€ ^€-8- ^El* <>l-8-*H ofuS-^-Ell^-S- (Agrobacterium) 
ofl Dfl7fl5]^ °l-8-*M4, T-DNA ^fe °l-§-^fe ^-f ^71 (elec 
troporation), ■f L ^'^ (microparticle bombardment), Ir^l <H)^^! ^^i^ (polyethyleneglycol-mediat 
ed uptake) <^]-g-^ <r 

t^^- 7lfe tt o v ^^ ore4$-#*m i^cfl, f-<££ol(i nse rtional mu tag 

enesis) Sfe ^-i^: ^Kantisense suppression) f-4 ^^1^1 -n-^^S] ^^^l^-g- A> 

■g-t w r ^*Mlfe ^ T-DNA* ^fl^fl o.s#( £o]tg 0 re4 a J"€-cf 

^ ^r^^l =r 5Ufe ^1, Hfl^, Jft- i^-Sffe ^-4<g ^# (dico 

tyledonous plant)°l ^ $a^-^, S.pf£^f 4^7]- ^=c> iS|-o|l oj-S- 1+^- 

M-fe Sfe 4°^ Jl go] ffil 7^EflE|fe f-ofl TJ^L ^| ^ 0 ] fe c -|] 

7) ^A)o))o)l f>qcf. 

<-a A H 1> °fl7l^tfl ( Arabidopsis thaliana)^-^ ^ t-^oW 

°B7l^-cfl o>a^o) WS oj ^ofl T-DNA7> ^€ l-^^ 0 )!-^ 23*03. *H7> S^slfe ^i-H 
^.^^^e^-il^i- iiSr°fl 4* ^^-i^ #±3. %Sr5)fe ^°J-o.5. u l«fl 

gi2] %Sr ^£7> j=:fl I7fl2l 7^111- -Jdt^, ^7] €<>1^I« iZfl ore4 3. *\3W . °H cflsfl g 

21 #^5}7] ^tr ^^a^(biomarker)S a>-§-s)ii «.Aj(<gs.^^ ^.^ -g.^ ^sf^aj 

JL^- §-^)o] ^3)-5.«e1 o] l-o^^o] ^§0] 71^^ ^ <bll-(functional stay-green) 

A. #7HW o^^ go]*q ^ tfl^SlS. A>^ o>A^ 7fl^ll-^ Ol^^ ^^o)l A>-g-Sl-7lofl ^ 2 2*C, 

16^1^- «S S?l/8^7i <y- 2?i «:^o] 2:^5)^ ^ ^(growth room, Korea Instrument IncH*! ^ 
^, ^^ife 3^1 £fe 4^ 5r*3-i- A>-g-S^cf. o>>«^S] 7^^ 41 DAG 4M ^^2] ^7> o]n| Al^s]^ ^l*Jo] 5] 
H J-^ ore42l cf^2] ^s if ^sfji o^o.^ 53DAG°1] A 1 S^r ^ t^-§- ^544.(5. 1 

a/b^-S) 

< 2 > ^ol^l ore4 2] ^ 2A> 

ore* ^o]^]o| ^tg oj^. 3-o]5*7l fl«r<^ ore* 2] g ^s.^ ^Aj ^ ^ ^ o]^ 4^ 

2- 1) 

^^5f7l A f-2] (Oh SA. et al., Plant Mol. Biol. 30:939, 1996)^ -f ^ 4 

DAE 2] g-i; 15-g-?I ^Bl* ^ <J# i# 4-447] (Plant Efficiency Analyzer)* ol-g-sH ^^-* 

^-Aj^ <g*ia] *Aj* o-|^ PSII (photosystemII)2] ^#«}-^ (photochemical effic 

iency)3 ^-^uH^^-cil, ^cfl^l (maximum value of fluorescence; Fm)°ll sjcfl (maximum 

variable fluorescence; Fv)2} al^ (Fv/Fm)S i4eH$4. ^7l ^^7> ^*^* ^-^-^ Jl^o] ^^.^ q-E}^cf. 
a o^f$o\ 7%°- 36 DAE<H]A-] <Hig s^-t jiojTil ^ bJ-^o]) ore4 si\ 7J JjL 70% oltf -B-xlSfji 5fl$i 

(£ 2a #2:). 
2-2)^*^ 

^*4:2] ^^-1- 2l«fl z)- A]a g* 801C, 95% oimtS. <g*i* 648nm2]- 6 

64nm2] %-%5.sL ^*1-^o.d1, (fresh weight W cfl^i: <^*i ^£5. S^5>^cl- (Vermon et al., Anal. 
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±A «JM 19%^-g- -fM£ ore4 £<>1^2) ^ &$\ 80%# -fM*ri (£ 2b #£&). 

2-3) g]- <>lfe 3|£ 

D -| °lfe 4r# ^5L±r 3-2-^3 ^^SLsLV] %^A%A. °1|7]^-Cfl *1 7M # 27fl3] 

<^ 400mM #C]f- (mannitol) 3 ml^l ^2 22°CA\A 3*}?} ^ A^A\ § 3, ^7] (conductivit 

y meter SC-170)-§- ol-g-sfl (initial conductivity)^- n^AftA. 10-g- f-^ ^ ^ # 

£-§: (total conductivity)^- ^S r 55U, ^S-lrfe ^ ^S.^} tfl*r A& #5.%$ «l-§: (%)3. q-E}^. a ^4, 
°lfe2l -rHtfe °M3^2l ^-f 28 DAE 0]$ ^-3*1 ^7}*}%^, ore4 A 36 DAE °1^ ^AA WAA^ °<HJ- 
£ AA^&A (£ 2c #20. 

£4#-g- nfl, ore4 £<>l^fe A*M°\) »\n QA ^°1 1^ A SSt^-g- £fe 

A, ^^2] jL^fe <%^± A±, %^ *^ A± 3? ^M-g. ^-0.3. K^A^ tsH itf€- '3 

Sr«f3 #%A °M3$°11 ")n AAA^ A^S-^A ^Klt *r 5£4. 

< 3 > ore* £<>1*IHH icSj- #3 -fi^r 

ore* 7} IcSI-^ -fr3l*r (senescence associated genes; SAGs) ttN <^nS]*)- n l*lfe*l SHI*r7l A^ 01 

(development) AA^A: A R> ^*H1 4€- A SAG g^l^M g^tf-i: t3 (northern blot)-8: -f sfl 
^"?1^4. Ajjg.^ oj-g- 7l^o.S Zf4 21*1 10% ol^l- £41, ^r 50% £^ A?]A 16, 2 

4, 28 DAE°1H AA RNA-t ^#*r°l ^Afc^c}-. z| e)]o] io p g 2] RNA-& 0.0} o.5.fe ( fu 

11-length) ORE4 3rAA% 4-§-*r&4. £fe ^ ^ (anabolic activity) ^ * r 7> -fr^l -a-^^> *^ (self 

-maintenancegene activity)^ Q ^1 #7^1-471- icJj- ^tIHIa^ ^ tsj^ (H.G. Nam, C 

urr. Opin. Biotech. 8:200, 1997). ^ ^sfoflA^ o]^ ^7} <>W%$ ^-f . 

a/b (chlorophyll a/b binding protein; CAB)2f ^<>1 #^MH -fr^^> A l^r°l ^l^^r^- 

H]^«>oj ^-4i*>^4. ^siM-, €<>l^H^fe °1* -fr^^ ^« ^cfl ^^nj 01^- ^ 7121 ^ 

Sf^l ^5*4. tr€, SAG12^ ±$ £3 -B-^^l-1-21 ^« <>Mfl«>l *1#°1 ^1^^ ^7>el-fecfl ulsfl, 

Sol^oflA|fe ^<q# ai^hi <^8-oi ^1 ^ 5} o.s <44idt4.(£ 2d ^leltl- a>^^. ore ^ ^O] 

7f ^2)31 o>u|ef -g-*} a1^ <^7lAl^ ojsj ^^"Al^cf^ 51^- 2]nl^4. 

Si 21 tslfe ^*f3 0.3. Sife ^°14ol 2>3)^ 5a*l D vh A]2)-j!f ^l^o. U^tr ^-£2] Al °. 

^^1 #3 Si < a^li'tKabscisic acid; ABA), il ^S-i-iMB (methyl jasmonate;MeJA) ^ ^ll^Kethylen 
e) 4 g£ i = (phytohormone) ^ «fl t 1 SH4. (Hensel et al., Plant Cell 5:553, 1993; Weidhas 

e et al., Physiol.Plant 69:161, 1987; Zeevaart et al., Annu.Rev.Plant Physiol. Plant Mol.Biol. 39:439,1988). -f 
°^el» *\?lir nfl, ^ ^SH- ^ 31 f-sll ^>^4. at> 4# ^1 

^<H] 4$ ore4 °A ^ *^ ^ S4^i *«| SA>S}^cf. ^tr % 

£ %°]^*\ 50u M ABA SEfe 50u M MeJA-i: Strife 3 mM 2- [N-l-ie] 2n] ^g-A]. ^ OJ j( 2 -[ N - 
morpholinoll-ethanesulfonic acid; MES buffer, pH 5.8)°fl ^e)fe 5u M °H1?1 7^1- if- 

sffe -B-el W IHMI "flW^-a^ ^r*S*l-5i4. ^ aj # jag ^e)fe Tfl^^j o. s « f ^<H^fe ^Efls 
221C4M 3^?> ^r s |5f^4. °l°fl >-|ir 12 DAE°ll Slfe 127fl2l °l-§-*f^^, S4^± ^ 

^«rSa4. ^t ^4 ^e], ABA, MeJA, ^ <^1^^! ^ 0 re4 ^«1^2l g t^-fe ^1^ 
3*1 ^-S"* ^-Slf-o.S.Ml Qffifi^ #^2} ^ icfl- 21*11 -H-SSlfe i^Sr ^^fe ^«r^l &-§-§- Ji 

ol ^5fl4.(S. 3^4 ^) 

< ^5 > <2ff£^ ^ 

ore^ £<>l7g o. 2.7H T-DNA ^ ^-e|sl^o.^ ^ 7 floi t-DNA 

S M-Ef4fe t^j ^-^^^l^fl*?] ^1 ^51x14. T-DNA °l^*r Tfl^ DNA» €S.^*r7lfl«|| SlHl^ ^ fi. 

i "3** Sl:-S"i- ^r^sl-^cf. ore^l-^^ol^o^ DNA* 5^/11 ^tr SiS * AA ^^"(self ligatio 
n) Aj^cf. o]7H 5' acgtgggtttctggcagctgga 3' A 5' ggccagcgtatcgtgctgcg 3'-i- °l-g-«H T-DNA21 o]^ A^<g^- 
^5lS>5gcf. <^7l Ai<g §.a^ ^4 T-DNA7> RPS17 -ff^^ ^ A A ^ 758 bpi T-DNA7f ^5)^^ % v 
^ 9X9XA (£ 5a). 

#««<>lfl<iflAl £e1£ RNA# ^>-§-tr ^ ^4 oH^ofl-H* 850bp^£2l ^A>^| 7 > AAti*- 

o| ^ol^oflA^ o] ^A>S)l7>^7.flSM $4.4 ^-SlS r ^4(£ 5b). 

^J-7l RPS17-fr^^M- 2.8kb 5' ttagatgaggctgccaccggat 3'2> tccgactaccaattgtttgctc 3' S-A 0 }^ 

# PGTE ^!&|oll ^H.#s.^8l-5a^, ^"71 Tfl^^-aiEl P GTE-0RE4 S. ^^^^ cfl^^- 2001 id 8€ 

16*3^1-3. ^^^^^ A^A%A KCTC 10037BP). 

RPS17-B-^i*f7> ore4 «<>lM«fl Sl^'H Sife*l ^Sl*r7l ^sfl, Aj- 7 ] -S" 

^3°! Safe RPS17 -8-^4* i#*l-fe 2.8kb pCAMBIA ^E^S ^ ore4 7fl^Hl ^J$sH ji^ ^ 

«^«r« 7fl*llt~g- A^ ^ S.^-gr ^%*V ^4, §1-71 a 2°fl AA^ A 

A 2°] RPS17 -fr*l*>* ifs>fe ^J@o] ^o}^| 0 re4% iL^t ^ Xl^-i- ^^1^4. ^4 RPS17-B-^d4 

7> o^^-a-^t^r sasa4. 
[s 1] 

£Sj(transgenes)°ll A% ore4 golgj ^.21 (complementation) -^f 
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ore4/RPS17-c 


74 


24 


27 


9 



^) Hygr£ sM^3. D H^°ll *fl# A*M, Hygsxr Sr 0 U3nMAj°fl tflt> °!^,+^<>H^^ -fe ic* 

$MSr4. 

< ^^1^1 6 > RPS17 ^-°-S <a^r ^ 

**<>1 Si ^#2) *1*fl* H °-?J4fe 7>4i* ^^Sf7] Sjtfl ol q$ ^o)] cfl*V ore 4 ^o]^^ <g # 
-g: ^A^ojcf. o>a§^4 ^o]^^ 4 b}*|| 2}-<g2l ^Tfl-t 4 20 DAE*>*1 $ 1-4 o] *ll-o(M ^-ojo] 

^■7fl7> -Pr^Sl-Tfl ^£|$jo.i4 gojig si 4^*1] ^21 ^ ^A?\ 20 DAE°1] A i 67%ofl *)4*1 &&4 (2£ 

6 %3i). 4aH, ore* ^o^o^ ^ £ <4 g a^ A>o]oj| ^t||7> «*= 7 ]- & 4. 

£ t^s] ^fl- It* GflEtf £ -SM -fr^^-S-^^ ^s)fe 0RE4 itjj. 714 3t\ it 

* -ff#* r S^r «M f-i -fr-fr** ^ 544. 5E$ #7l -R-*J43 £°1^°J ore* -fr^r 

S ^#*H* ^^^1^171714 ^]«-Xl2i ORE4^AA *V%°3.#\ <&%*\f\ 

^ % W 2.* 5* ol* <r 5U4. 

(57) ^ 

i. 

a^^s. 221 c-H^av Ai<i^ £fe ^ 0RE4. 

XI UN #7] °fl7l^-cfl ( Arabidopsis thalilana)S.^] £el?r 3^ ^SLS. f>\±= ^#2] ^ 

^ 0RE4. 

XI l*J"2l 0RE4 -8- #£*Srfe -Pr^T-K 

4. 

XI 3*<H1 oic^, A^ttjs IS £AlE|i- <*7)s.l<£-Br £±= ORE4 tc%A. 
3^ 5. 

XI 3^21 ^ -°r^7>l- S^-S>^ XjS^ 

XI 51H1 9l°]*\, 0RE4 -fr3*r* £tf*rfc pGTE~0RE4 W^S. : KCTC 10037BP) 
^t 2 -"^* 7. 

^ISii 221 oH^J oj.±^#>fe ORE4 -°r^7}l- ol-g-fj. DNA ^, #^ ^ £^ ^ofl 

2]Sfl -S-71 -8-^4*31 Ai<g Efe iAj^ ti>o.^. £&A}5^ S^IO! Sf^ All- $) ±$ 2:^ -ff^^* ^> 

Ai°|»is: 221 oHitAV Ait^- i#3r>fe 0RE4 ^^^i: oj-g-ti- ^, Si ^(ELISA) J&fe 2-D ^ 

AH ojg,, Aj. 7 l ^^2f2l £fe ^ ^ o. S Sj-fe Al^o] ^ 2 ^ ^«Jj^i- ^ 

Ait^l^: 22] oJ-nl^A). Ai<g-g. ovi^.^ o^-B-^^21 ^j-oj l-^^ol(i nS ertional mutagenesis) SEfe °iE)^l^ 
ejXKantisense suppression)^ 2}Sf| n t^^- <£°l^j ore^-B-^7}S ^^^^^0.5.^ 

Al^Ol ^cg^. <^^Al^ Ajo-S] A^AVAj ^ *1# i-i-^- #CflAl ? lfe H 0 V^. 

10. 

^#21 A^ttjs 221 o>nltAi A-^-g^. ^^fe ORE4^A% ^ #°i^ 0 l (insertional mutagenesis) £ 
^ 2i^(antisense suppression)^ 2j«l| o. a^Sfoj ^«1^ ore^ -fi-^^S. ^Vf-O-S.^ 
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12. 



4 9ty H~ ^1 101H) 5iM4, £4$ cve4-8-#*Hr CKfitf -8-344 ^4 *|«H T-DNA-t -g-^ 4 3 .2.3.4 -fj-Sl 
471- tf«44 fcsj-fe wj-^. 



^ 9*^ JEfe ^ 10*8-41 SH4, 4#£ 4, H -Stel, 4t^, #4, tt, 43, tt! 3L#*Br 4^1-^; 4 

#*ti, 4<t^, 4%*+, f-*Q. -fMIt- £^*Rr ^-g-4-l-ff-; 444 1 ?-, ^4^, 3)^4-?-, 4^ 
4, <£4efl, £51, 4¥, 444* a^-sl-fe 4^; #4, #44-1-^, 4*114, 4MH>ii, W 

f-^ £<S-4tt sHJIfl-; afe 4°1^4^, sflH.*s4, £4H.a4^, % v ^-° s v 4, Miff, 4 £44 ^4^1- £ 
m*= 45.41-^3.^4 <g«|4fc a*ff3.£.s sl-fe 



.tVl la 



B 




£>3lb 




10-0438887 






50 (iM ABA 



ore4 





50|iMMeJA 



or&t 





QlgH 



~ 80 



6 60 



^^4c ■ 
5 jiM Ethylene 

are* 0^ 





Centromere. 
4 ■ 



16.48+ 3.65 



4.56 4 1X6 11.571 2.84 



J L 



010.2 cM)(i 14.0 cM) 



ORE4 

X 



RB LB 



RPS17 



-758 



mmmm 10-0438887 



no 



RPS17 



70 

S. 50 
50 40 



30 



B 20 

B| 10: 



DAE 

16 24 28 16 24 28 




ore4 



£^6 



12 

DAE 



16 



20 



CO* 



<110> POSTECH FOUNDATION <120> Gene 0RE4 which regulates leaf longevity in Arabidopsis thaliana 

and mutant genes thereof <160> 2 <170> Kopatentln 1.71 <210> 1 <211> 450 <212> DNA 
<213> Arabidopsis thaliana <220> <221> COS <222> (1) . . (447) <400> 1 atg ata acg teg tec eta 



40 



55 



ace tea tct ctg caa get etc aag ctt teg 
u Lys Leu Ser 1 5 
ggc tec act cct etc tea tct etc tct aag ccc 
Leu Ser Lys Pro 20 
ac cac aga atg ccc get tta gtt ccg gtc ate aga 
Val Pro Val I le Arg 35 
g atg cag ggg cgc gtg gtg tgc gca ace agt gac aag 
ys Ala Thr Ser Asp Lys 50 
gtg gag gtg gtg agg ctg get ccc cac ccc aag tac aag 
a Pro His Pro Lys Tyr Lys 65 70 
gtg agg atg aag aag aag tac caa get cac gac ccc gat aat 
Gin Ala His Asp Pro Asp Asn 85 
tc aag gtt ggc gac gtg gtc aga ctg gaa aag age aga ccc ate 
Arg Leu Glu Lys Ser Arg Pro Me 100 
t aag act aaa tea ttt gtg gcg ctt cct gtc ate gca agg gee gee 
la Leu Pro Val I le Ala Arg Ala Ala 115 
agg aaa gec gaa gee gga gga gat gaa etc ctt ggc ctt ccc ttg gag 

130 



48 Met Me Thr Ser Ser Leu Thr Ser Ser Leu Gin Ala Le 
10 15 tct ccg ttc gee cat 

96 Ser Pro Phe Ala His Gly Ser Thr Pro Leu Ser Ser 
25 30 aat tec ttc ccg a 

144 Asn Ser Phe Pro Asn His Arg Met Pro Ala Leu 
45 gee atg aaa ac 

192 Ala Met Lys Thr Met Gin Gly Arg Val Val C 
60 act gtg gcg 

240 Thr Val Ala Val Glu Val Val Arg Leu Al 
75 80 agg cgc 

288 Arg Arg Val Arg Met Lys Lys Lys Tyr 
90 95 cag t 

336 Gin Phe Lys Val Gly Asp Val Val 
105 110 ag 

384 Ser Lys Thr Lys Ser Phe Val A 



450 Ser Gin Gin Pro Ala 



y Asp Glu Leu Leu Gly Leu Pro Leu Glu 
tct cag cag ccg gcg tag 
145 

PRT <213> Arabidopsis thaliana <400> 

1 5 10 

r Ser Leu Ser Lys Pro 20 
rg Met Pro Ala Leu Val Pro Val Me Arg 
Thr Met Gin Gly Arg Val Val Cys Ala Thr Ser Asp Lys 50 
Val Ala Val Glu Val Val Arg Leu Ala Pro His Pro Lys Tyr Lys 



120 



135 



125 

432 Arg Lys Ala Glu Ala Gly Gl 
140 



<210> 2 <211> 149 <212> 
2 Met Me Thr Ser Ser Leu Thr Ser Ser Leu Gin Ala Leu Lys Leu Ser 
15 Ser Pro Phe Ala His Gly Ser Thr Pro Leu Se 
30 Asn Ser Phe Pro Asn His A 
40 45 Ala Met Lys 

55 60 Thr 

65 70 75 



25 



35 



80 Arg Arg Val Arg Met Lys Lys Lys Tyr Gin Ala His Asp Pro Asp Asn 8 

5 90 95 Gin Phe Lys Val Gly Asp Val Val Arg Leu Glu Lys Ser Arg Pro I 

le 100 105 110 Ser Lys Thr Lys Ser Phe Val Ala Leu Pro Val 

I le Ala Arg Ala Ala 115 120 125 Arg Lys Ala Glu Ala Gly Gly Asp 

Glu Leu Leu Gly Leu Pro Leu Glu 130 135 140 Ser Gin Gin Pro Ala 14 

5 



